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ABSTRACT 

TORTIS is a device for preschool children to communicate with and program 
the turtle* It consists of several boxes ( cu rr eft tly 3 button boxes and two 
bio* boxes) designed so that only a few new concepts are Introduced at a time 
but more can be added when the child becomes familiar with what he has. 
Hopefully transitions are gradual enough so that the child never thinks talking 
to the turtle Is too hard or that he is "too dumb". And hopefully playing with 
the system should teach such concepts as numbers t breaking large problems into 
small solvable steps> writing and debugging procedures , recursion, variables, 
and conditionals. Most Important of all, it should teach that learning is fun. 



Tnis work was supported by the National Science Foundation under grant number 
6J-104g and conducted at the Artificial Intelligence Laboratory* a Massachusetts 
Institute of Technology research program supported in part by the Advanced 
Research Projects Agency of the Department of Defense and monitored by the Office 
Of Naval Research under Contract Number NGOfll4-70-A-Q362-0002. 



INTRODUCTION 

TQHTIS (Teddler'a Own Recursive Turtle Interpreter System) is 
a device far preschool children tn communi cafee uith and program the 
turHe< It consists Of Several tcxcs (currant ly 3 button boxes and 
tuo bfon bQKBfl) designed so that only s feu neu concepts arc 
introduced »t a tlmt twX mora can be added when the child becomes 
familiar with what he has. Hopefully transitions are gradual enough 
SO that, tna child nevar thinks talking to the turtle is too hard or 
that he ia "too dumb," And hopefully p laying uith the system should 
Teach iuch cone ep to as number a t breaking large problems in'.o small 
solvable steps y writing and debugging procedures, recuse ion, 
variables, and conditional*. Hoist important nf all, it should teach 
that learning Is fun« 

] am hoping that the bio l-.ax in -iu * t !- i<jn M u adwanr^d -to 
that the transition to logo will be easy. And I uould like to expand 
th* ftyitem to include programming muMC al«0 P 3t the children seem to 
an joy noises more than drauing. I an not sure of the beat uay of 
doing this yet and ideas are very welcahe. 



DESCRIPTION OF THE SYSTOl 

The. turtle- le a dial. &\Stwt on c foot in diatieter equipped uith 
a light, horn, and pen. It can move foruard r backuard T or rotate 
about its center Inhere tn* port i(l- Uhpn the pen rg donn the turtle 
eiraue as It moves. 

The first bow the child sees (the small enmands box} has 
nine buttons; " forward" T 'back', "rrght% "left - , ■to&t'*, "pen up"„ 
"pen ctoun", "light on" t and " light off. Each button evokes an 
iinmodiate response frc* the turtl*> Ne*t the child is given a larger 
bow (the commands bow) which ha» 3 top row consisting of the buttons 
on the smal I commands bow plus a bottom row of numbers from 1 to IS, 
and a "stop" key. The action buttons it ill evoke an immediate 
response but an action button preceded by a number button causes the 
action to be executed that many times, "Step" interrupts the turtle 
Immediately* 

The newt bow (the memory ban) consists of four buttons: 
"etavrt remembering". "stop rensmberi ng", "cc it", and "forget it". 
This bo>* plugs into the side flf the- commands box. Pushing "start 
remember 1 n-g" cauass a sere an to light up and thereafter lists all 
command a, "Stop remember t.ig" a tops adding to the list (goes out of 



remember modeK "Do it" executes the coawiand* in th* Mat* 'Fur-got 
it" clear a thfr aereen. This enables a child to define ana procedure, 
but not ta edl t i t. 

The blow box wi I I hopofuHy ok 1st within a few months. 
Commando ara (instead of buttonst block?. Or the top of each bloc* is 
a picture representing the command r The bio* box provides an array Df 
ho) «9 in uhich to [slate the command. There are five rc«ft of IB 
command positions. Above each comngnd position (accept the Jeftmost 
of aach tohJ is a lighted pushbutton. The light indicates where the 
turtle is. If the light is on above some particular hoFe 4 the turtle 
wait a until there is a block, there and exocwtfls the co»»and 
represented by the block. Then the light naves over one position ta 
the right. Pushing iiruj tjuttan causea the turtle to- StUp whatever if 
lo doing and start where the button nOa pushed. 

Each command position actually conaiats of thrae ho lea of 
different shapes ► The large hole la for a command* (like "forward"] 
the narrow rectangular hole is for an optional number block , and the 
email hole it for an optional conditional block. The condl t lonal a 
are "if front io touching come th i ny " , "if back is touching 
soma thing", "if rignt side is touching something",, and "if left side 
ia touching something" „ (The turtle ha? ;ojch Sena or a for teating 
these conditions.] The leftmost hole in each row Is for the purpose 



of naming that ran as a procedure. By placing a rod block in that 
position, for instance, one can call that procedure by placing a red 
block else uhere. {perhaps it should be legal to rods fine the basic 
commands by using . them aa procedure names like in anal I talk.] Name 
blocks are the ea*e shape aa command fclocka. 

The Other main concept in the blox box Is variables' Part of 
the ayatei" mi I I be a SC4P* 00 which uill appear five differently 
shaped polygons^ each with a number written inside, Fcr instance, 
triangle might have "3" inside- [f it dooa , then waing the triangle 
block (shaped like a number block) to "Bite the coMugnd ■triangle 
forward 1 ' causes "3 forward" to be e*B3uted, Values can be stared in 
triangle with the "store Into triangle" block, shaued either tiki a 
command block or vaguely I i ke a *T ri . The block shaped like a "T" 
a I laws roam far two number blacks and an arithmetic operation block 
to facilitate commands like "store 3+5 into triangle* or "store 
trianglo+2 into triangle". 

The blow box may Bound complicated but the chiJd once again 
should be introduced to new concepta gradually. At first he will see 
onlg one row ft he B»8ll blox ton GonaistB. of the top row of the largo 
blon, dqh as an independent ent i tyfr and have only command blocks. Then 
he can be introduced to number blocks. Then in whataver order is 
experimentally determined as best {though one at a tins) ho can be 
introduces! to the large blox bOK, variables, procedure names, 
conditionals, and T-shaped value storage blacks and operations. 



HOW TQ PUW UITH A CHJLD AND TOflTIS 

The main quality one needa to help a child play uji th the 
button bow is comimn sen Be, It is ocggib'e to make mistakes though. 



hi -I u ' U 5aC th5t S ' ° !Jst firte chlJ * refused to move uhen 

teachers' yelled at the- for ^ &vinq ^ ^ ^ri^ Mh ° n tfl " r 

The philoanphy D f the button bo* ie that only a little bit is 
^,, °? \ " h JJ the child ll aur* of ,»,, previa set. It is 
hat the buttons, , s "too hard" for him. Thu* it j B tlhpartar1t nat 

bac' r'Ti^t 'r» *°. th : e Mid rh *< he cenhot «•"« -^ <- ^* 

Back is a |, st of project.* in approbate order pf difficulty, 

of tan ^ta'Tn!^ ^"f th - ChilJ ' ifle,(onhls ^ «lth the box, 
tin? I - Mp ' fC " in *^ ce h5 ">™3 "1 toot. 2 

In?I" ■■*?!;■ °T fln " ° ¥er ' f ' naMy BBttinp hored. While there f S 
S™ 9 k 7"^ y UrQ "* 5n l0flEing th *«»«tt f tl me , (assign no 
" BrvQyB ho.lc.dal adult b trying to UO rk ne*( doorf, jt JB a _ ood f™ 

nct 3 i:M h : b ^ ild oth :: th : ng f to * d bef - a h * *■- ^ e^k 

knows for ^hi?:° n ; ° U9h ; Ef thB ChHd ""*" tQ P ' a " uith " hat "* 
KOoue for a«h,fe ,t . 9 not nacaaaary to introduce n BH thinaa For 

wa Li") ** , r t E uttons - Thia ^^ his mother < wh o Has 

and ^?iJt C ™: e -* hB fc hD "» ht he "«"'* '"-ninir enough or trts thin Si 
ar,qf a he kept naming hii* to use the number a. ^ 

I have tri*d letting mors than ont child play with the bo* 
armul gneoualy and that usually doe- not uork. It ie^t^metu 

i™?hiriJ a :i w, K,™ , ^E hMd at 3 time hit the ^^ i"e n:;r ng y 

anothtr person pushing the buttons geta conf u «ing If the child'doei 

19 up to the chPld uh*ther or not he foflou* Sl , ggea u „ 8 , Antf he 
should not hav & to fight off brothar,, siat er Sf pZt.. «d random 
outsiders in order tn pLjy r ranaom 

Ther* aretuo settings in ubich I've u«cd the button be*. One 
r* in an Office M >th relatively fc H other di atrac t r^na. 7ho child had 
an appointment and -t was clear rhat that h our ^s "turtl* time - 
ihio enir,r 0n .ent worhetf u»i|. Ih chilorrn stayed interested abaut an 
hour ueoally LeM alcne In the off 1C8 oldar childr 0n (5 or - D re? 



manager aa ueH a a ul th a teacher and younger children l »t 
quickly. Dn c flau tr> this anvirornant. I tolt. uaa tbat 



intercat 
the chl I d 



ri L ., ^ ' 5,r " th * »«*^ «« ueually thereat 

inn!? !k k-!^ ^ d *° m 3t f!rSt * iSn ° f ""B»(^B- Another 
•a that the chl d *-ght have felt U ncom*ortabJ » i r aiich a Strang 

eatting. though I th,„ h most of the. got over that quickly. Another 
proble. »aa oo many pfclts. n an „ people houIO pa*a by and coma in to 
-™J£ « Mrenrs «h„ HE » the^e or , n i nal I y. So man.j people 

e^en make me n Br vDus and it certainly bothered the children. Parent a 
Mere eapec, ally bad since th*y M ere an* i DUH f or tbeir child to appear 
tmart and cona K qu«rtly nagged at Iho chl I dr Bn to go Onto n* u thinos 
and y*| red at the. for giggling. ParenT 3 were a help uhen tbeu had 
the right attitude, ho^er, S ug 3 e 5 tir>g pr P j«t a , laughing with the 
fcicle, playmg uith ths*. ate. The next B ect^n contarne deacrlptions 
of Home S4aaione under these conditiona. 



Another flatting was a nursery achool. It M9S a very 
unstructured one. The children Here taught to Share everything antf 
there Mas extreme group pressure aga-lnjt [Slaying ul th a toy and not 
letting other children ahar* it. The resuH was that (with a few 
exceptions! th* children all Synched around the be* and (ought over 
the buttons for a fc-i :J3l,s and t^icn lust interaat. When T tried to 
let one child use the box at a time,, everyone a I as stood around 
complaining (vary unnerving to tha Kid Truing to play with the bo*> 
and insisted o-n being allowed to play with tine terminal, turtle* and 
telephone while the other child played with tha bo*, Hhich of course 
made the box useless. A ten children occasionally played with the 
turtle after that but 1 wag fairly sure that setting was not 
conducive for using the trt)H* The setting ] attested to try next was 
a vary large nureery ochool {about 80 children! with a separate room 
for the turtle. Children would be brought up tfr play, in groups of 
1*2+ or 3 whenever they wanted to play- Various problems {irrelevant 
hffre, like the equipment would not be locked at night, ate.) 
prevented *y l«pl eeent 1 ng it however, t h m not sure nhat the beat 
environment would be- tt seems clear that ulth younger children you 
need an en 1 1 ra adult Enot divided by other reflponsi bl I i t lea during 
turtle time} and very feu children 3t a timet 

It la probably more fun to the child to figure things out on 
his oun. You can act tike you are learning with him, "Gee, let* 9 
find a button to do thgt* Doaa tnis?.,." but should not explain too 
nuch, A good uay to help hiK leern is to get hip to tell you what 
each key doe** If he has problems netting the turthe ta do what he 
want*, play turtle yourself ul th verbal commands from the child. If 
there are still problems, get the child te draw tha fi-gurs he wants 
and have either you or the turtle trace that path. 

Host Important is 10 have fun lor at least act convincingly 
like you ar*l , Act excited;* praise thfl child, never cr 1 t i C I Iff* A 
four year a Id' a job in life is tc have fun, so help hie do hi a Job. 



cx ahpl.es of a feu sessions 

John just turned four years old. Hfl Mas very any at first and 
would not go over to the bo* without h i 9 mother. After she hit a feu 
of the keys,, he gradually got more and more interested. After ten 
minutes he uaa totally coMcr tab I e ul th it. He narrated »l 1 hie 
actions like, "Now I'm putting the pen down 90 the turtle can draw-" 
"Nou I'm putting his light on so he can see*," At one point, the right 
wheel started rubbing a bit So I f i xed it. He aaid, "That'8 because 
real turtles don't nave wheels* They have lege." He was ver U happy 
and was giggling and chattering along with everything, but nis mother 
kept saying, "Don't be silly, John* or I'M take you home." 

He would hit S toot and count along with it and explain to ■• 
that it tooted 5 times because he hit &. He also thought It was a. 

let of fun to atop It before It was finishsd. 

His nether was vary aggressive unfortunately* Ufosn ) told her 
afterwards that John seemed vary smart the aaid, ^That's really a 
relief. 1 wae afraid h» would not aeem aa smart as the other children 
who had come hare." Anyway, with that attitude ahe constantly kept 
urging him to do different things* So She would; eay, "But that's 90 
sloul" every tine he hit a motion Key, since he did not seem to like 



to use the number keys with the motion hay 9 - Uher. she said that he 
would invariably hit a 10 ne*t time, I'm not surs whether- that 
confuaed him. Me might have thought that the numbers controlled the 
speed instead of the distance- 0> he might just have preferred not 
bothering since he could keep- the turtle moving more steadily by 
preening a e Ingle .uy tl\ar. py reaching back end forth between two of 
the-. 

The first problems he solved were moving the turtle to 
arbitrary pointt in the room, He also tried ■suing thw tuMi* unroll 
the paper by becking away e littla and pushing 10 forward. He only 
discovered that Stately after a lot at eyper '■ nan Ea l ion. 

After about an hour John was told that he had to go and 
wouldn't he M Ke to come back, some cTher time. Ha aaid« "Np, 1 want 
to stay," Nevertheless, hie mother took toofc hi* hole. 

He came back a week later. He seemed to rata in everything he 
had learned the firat time. He tried to draw a aqoare and ended up 
with a trianyla* Ho was not unhappy with it, tnoug.h H [ showad him 
the memory bo« and he filled the screen a feu tinea but x,ih net 
watching the turtle while he did that. After that, though, he ignored 
those key* and played only with the others. A \2 year old friend had 
come with him and tried to gat him to play with the other keye. She 



really interfered Baying, "Push this key* Now push that one," John 
loet inter eat about then and his mother tnnK him home. That cession 
I a* ted about a half hour. 

Susan was the first child [ worked with. She is 4 1/2 years 
old- Her mother told me ahe waa a slow learner with a short attention 
apan and was a little afraid to bring her hare. She said she didnM 
know, how to count very weft, just recognized a few of the numbers. 

Susan waa afraid to hit any buttons without knowing first 
what it hqu I d do. She waa vary afraid o f making a mistake or getting 
people around her angry, She utjuld keen saying things like, "Which 
button should I push now?" \i T asked questions like, "Can you make 
the turtle cow* over to us?" she would often autoptical ly say no. 
She did get excited by the toot with the numbers. Sha did not really 
know the numbers* [She recognized "1" anct "5" and called "LB" eight> 
But she realized that if she hit "7" aha could count up from "1" 
unl. i I the kry eh? pua-ied to find out how many times it would toot. 
She also enjoyed stopping it with the stop- key and would say, "I told 
it to toot this i9i" over but I stopped it here." The concept awe i ted 
her so much that eh* did It over and over and then took the three 
pennies ahe had out of her pocketboak and placed them over the kegs 
(starting at 1} and said, "] have that many pennies." 

During the first eesgian she also learned to control the 
light and pen, She a lea could make the turtle move in a atraight 
line, but she never tried using numbers with the forward or back 
keys, Even after [ showed ^er isw it uant further after pushing "IB" 
foruard sha still continued pws'ning only the notion keye. (However 
she always used numbers hi th "toot "I 1 She did not understand the 
turning keye at all. Uhen [ asked her to describe what the turtle 
did uhen those heys were pushed ahe sflirf, "It movos. " I asked her If 
it tnoved the pflirc way as when forward or back were puehed. She aa-id, 



"It doesn't draw a line when those arc pushod," 

The first session lasted about 4B minutes. At the end 1 drew 
a Square and asked her if she could! sake ths turtle go into a square. 
(Not drau one. just move into that place) She then decided eh* Minted 
to drau, herself r Shortly after that her mothsr took, her home, 

During the second session ] had tuo serious narduare 
problems. First, the right wheel was net moving very well, 
(consequently, forward! and right resulted in the same movemen t , etc T J 
Also the computer would sometime? spew several characters to tha 
turtle. The problems got steadily worse throughout the session. Uhen 
I had tested It before g,he came, ths tew tlMB It did the wrong thing 
I assumed were freak accidents (11k a line noise). Other kite I Mould 



have cancelled the session. However it was interesting for a feu 
reasons. She got very interested in the hardware* She screwed and 
unscrewed the I ightbulb and kept asking uhy the turtle was sick. 
Unfortunately she becawe totally contused about the motion Ksus. The 
eecond session lasted about one half hour t 

The third session went sone^hat better. At least everything 
was working. She did get to understand why it was necessary to turn 
the turtle and 'jhc did occasional ly use numbers with the motion keys. 
Her favorite thing was the tooting. I think she liked It because she 
really understood it and liked IHe pouer of knowing exactly how to 
tndke the turtle do what she asked, The third session lasted about a 
ha I f hour. 

The sessions were about tuo days apart , She seemed to retain 
most of what she had learned froi* one session to the nent. She would 
ins rat she did not want to go ho»s but shs uou I d want to draw or run 
around or play piano for a while. It is unfortunate that the way 
everything, was set up, the Chi Id could not take a break, since the 
mother's time- was tied up the whole time the child was here. 

Kate is Susan's G 1/2 year old sister. She is already in the 
first grade. She had no troubte with anything on the bo*. She even 
knc« uhsthsr to push fornflrd or back by checking the turtle's frame 
of reference,- She u3s not quits as good on the turning keys* 1" ] 
asked her to think first she usually picket) the right key. Otherwise 
she would randomly pick one and switch if it was wrong. The. first 
game she played was chasing me around the room with the turtle. 
Finally I turned It facing opposite me and said, "Uel I at least it 
uill take you awhile to turn it arourd this time, - She said, "No? 
I'll back it op," So she pretty much understood everything. Then she 
triod "parking" it under the chair which required backing oft 
sometimes in order to proceed further in. This took tier g- long time 
to figure out but eh* finally succeeded* Then shs tried drawing. She 
was not too satisfied with her attempts, mainly because She couldn't 
erase mistakes and it was hard for her to judge angles with the 
turtle sitting on top of tna drawing. She always Used numbers with 
the mot ion key*. She did sOHsK*es makg mistakes on right and left. 
If she uanted to move left about four steps and she pushed 4 right 
instead. She would Invariably first push 4 left to correct and then 
another 4 left instead of pushing 8 left. 

After about an hour I gave bar the memory keyboard' She 



under stood that easily. And she realized that by drawing a feu lines 
randomly and pushing 10 "do If aha made pretty pictures because of 
thei symmetry. Shs uaa still very much interested after tuo hours. 
Hu»eve'- her mother U3a getting tlrsd enough bo that she had to leave* 



Marsha «a* the youngest child I've worked with 00 far. She 
e 3 1/2 yeara old. 



The first thing She discovered was the "tool" key* She uenf 
up through all the numbers hitting 1 toot H 2 toot, etc. up until 10 
toot, counting a I any with It. Then she turned the I iyht on and off. 
Af first she dtudyg u^rd 3 ntju^rr uMh thp I i n ^ " < r; : | n dJl thu-n ;un! 
hit the keys. The pen commands puzzled her and atia asked what they 
did + She liked the noise and couldn't understand why it made no 
noise the second time. Ipenup doea nothing if the pan ia already up) 
She had trouble uh^n turning the turtle around since if she used 
numbers she would forget whether It had been right or left she had 
pushed and she would push the other one. After a while she 
discovered the scope and pressed all the numbers. Matching then 
appear there. Then she pressed buttons and looked St the words. 

She had a lot of difficulty making the turtle come to hern 
She pressed different keys almost randomly* She was really surprised 
that back didn't Man come to ner , since It pointed to her. 
Eventually she discovered an algorith* that worked. She would push a 
turning key until it eventually pointed approximately where she 
wanted* then ahs would push either fornard or back and correct if it 
did the wrong thing, She really had trouble adjusting to the 
turtle* a frame of reference. 

She did solve the problem Of getting th* turtle to an 
arbitrary point on the paper , though awkward I yv I then suggested she 
try to make the turtle draw a v «eth i ng r like 9 square- After much 
trouble she eventually got about three sides drawn, but she Could not 
get the turtle to make the last fide by getting back to Ho original 
poei tion, 

After about 45 minutes she said she was getting tired and 
wanted to play with something else* 

Patty ie 4. 1/2 years old, She was afraid to push keys unless 
She knew what they would do* but she was not shy. She continuously 
asked questions, sometimes to ask what a key did and sometimes to 
find out wh'ch key would do what she wanted* 

She also had trouble with adjusting to the turtle's frame of 
reference. She continued to ask questions like, "Utiat button makes it 
go there?" pointing in a direction perpendicular to forward and back* 
She used the number key 9 with the motion keys. She tried drawing a 
Square taut it came out very lopsided. 

After about 1/2 hour her brother decided he wanted a chance. 



She let him have a chance but She said, she could hardly wait until 
her Pent turn. 



At this point she had a chance to natch the scope- She 
suddenly not teed a ward one recagn 1 2 a a uha<, her brother hit "light 
on b " and called, "hey WO«! It made a word that spelled 'on'." She 
asked hi In to push all the keys so -she could see what it i#OLi I d write. 

She got her turn again after anout L/2 hour* She got really 
axel ted about the scope and wanted *• to read everything It sand. 
Uh-an she eventually started remember', ng things she'd tell «a whet It 
eaidi. The only words 9 he had knon* were "up," ■down*"' 'on, " and 
"off*" She aFeo knew the numbers. She complained that n B' looked like 
**&," The Slashed U9* Oanfuning hpr il bit. 

Since she was so Interested 1ft the scope, I let her play with 
the memory b0" + She was not inter estsd in using it to make the turtle 
remember T She just \ 1 ked having mors word* to find out about. 

Eventually she went back tn drawing but Ignored the Memory 
box. She improved somewhat on her prsvioua square. 

She went h0«* after almost three hours Chut hsr brother had 
played with it some cf the tlme»l 

gobble is 6 years old,. He is Patty's brother, Hs had watched 
his sister at first end started right in. He had bsan very critical 
of his sister. 'Let ■*■ JO- Sh&'s not drawing anything good. She's 
just playlnc-r" I asked him if hs would like to drSM a square T He had 
previously noticed the- memory br>* and asked about that. He really 
wanted to see that first. [ showed hie how it worked. He tried 
f i M i ng the screen- He couldn't real ly understand what was happening 
eo he got discouraged, "E am not smart snough for those. " ] said not 
to worry about it, I'd show hi* again later. He tried drawing a 
nquara T but in the niddle wanted to try to draw a robot instead. [ 
gave him a pan and told him to plan what he wanted It to loch like. 
He got engrossed In drawing, which gave his sister a chance to use 
the bo* again. He wanted to find out how everything worked. Uhen I 
told hl-m a computer uas getting the characters and translating thep 
into something the turtle could uhdsr stand,, he wanted to see the 
computer. He went for a tour upstairs, Afterwards he wanted me to 
give hia some wire so he could hui Id something electrical. [ looked a 
little uiorr I ed or something, because he quickly added. "I won't try 
to build a computer. Just something little*" 

His naln problem was he wa-a bo excited and wanted to do 
everything at once. He was worried about not having much ties, and 
ther* Mere so *any things he wanted to do. 



After almost three hours, their mother took them ho»e, but 
they both said they wanted to return. 



THINGS TD Du- 
ll turn light on and off 
2) turn turtle bo he can see the light 
3} turn turtle to Show the light to someone else in the roc* 



4) explain uhat each button dQS* f (tjpecially the mat ion anea) If he 
oays, "it (novas' for froth forward and back or "it turns" for both 
turning keys, try to get tha child to describe the difference between 
the buttons 

5) mow© turtle to arbitrary points on tno paper (fai-Hsua by placing 
a a vera I ban ling p i no around and having the turtle knock them over I 

61 get turtle to chase someone lit Mould be neat to have tun 
children, tno bows*, and two turtles and got them to play tag) 

71 get turtle to draw i#ien It moves 

S) move turtle: to clean epot on paper (involve* lifting the pen) 

SI dra" figures like squares, triangle*, (discourage circles) 
I e 1 1 ei~ a > number e , e tc+ 

IB) draw Child'* na*ft [latino pen betwasn letters) 

111 connect the dote on to** surpr i ae drawing you prepare 

12) park the turtle under a chair 

13} drew dotted line Itn response to this, on* 4 1/2 gear old Child 
made the prDcedurs "pen-up pendown psnup pendown panup pandown penup 
18 forward" and eald "IS do it." The adults Hatching usre about to 
protest that that was wrong, when me all realized that that procedure 
(because of the flare pen leaking Into the newsprint paper ^ produced 
a lint Of I arg* dote- I 

14) Introduce manor y box 

13) teach turtle to draw something bo that "do it" doe* it 
14J tnak* pretty symestry by repeating «gm*thift$ a lot 

15) Hake a ehort equara procedure (realizing all yeu need Is foruard 

and turn) 



16) teach everything they know about box to ft I h I i ng or friend or any 
available) kid (like a patting faculty member) 



